We present the results from an automated search for damped Lyα (DLA) systems in the quasar spectra of Data Release 1 from the Sloan Digital Sky Survey (SDSS-DR1). At z ≈ 2.5, this homogeneous dataset exceeds the statistical significance of the previous two decades of research. We derive a statistical sample of 71 damped Lyα systems (> 50 previously unpublished) at z > 2.1 and measure H I column densities directly from the SDSS spectra. The number of DLA systems per unit redshift is consistent with previous measurements suggesting our survey has > 95% completeness. We examine the cosmological baryonic mass density of neutral gas Ω g inferred from the damped Lyα systems from the SDSS-DR1 survey and a combined sample drawing from past efforts. Contrary to previous results, the Ω g values do not require a significant correction from Lyman limit systems at any redshift. Furthermore, the Ω g values for the SDSS-DR1 sample do not decline at high redshift and the combined sample shows a (statistically insignificant) decrease only at z > 4. Future data releases from SDSS will provide the definitive survey of DLA systems at z ≈ 2.5 and will significantly reduce the uncertainty of Ω g at higher redshift.
INTRODUCTION
It has now been two decades since the inception of surveys for high redshift galaxies through the signature of damped Lyα (DLA) absorption in the spectra of background quasars (Wolfe et al. 1986 ). Owing to large neutral hydrogen column densities N (HI), these absorption lines exhibit large rest equivalent widths W λ > 5Å and show the Lorentzian wings characteristic of quantum mechanical line-damping. Through dedicated surveys of high and low redshift quasars with optical and ultraviolet telescopes, over 300 damped Lyα systems have been identified. These galaxies span redshifts z = 0 (the Milky Way, LMC, SMC) to z = 5.5 where the opacity of the Lyα forest precludes detection (Songaila & Cowie 2002) .
Statistics of the DLA systems impact a wide range of topics in modern cosmology, galaxy formation, and physics. These include studies on the chemical enrichment of the universe in neutral gas (Pettini et al. 1994; Prochaska et al. 2003b) , nucleosynthetic processes (Lu et al. 1996; Prochaska, Howk, & Wolfe 2003) , galactic velocity fields (Prochaska & Wolfe 1997) , the molecular and dust content of young galaxies (Vladilo 1998; Ledoux, Srianand, & Petitjean 2003) , star formation rates , and even constraints on temporal evolution of the fine-structure constant (Webb et al. 2001) . Perhaps the most fundamental measurement from DLA survyes, however, is the evolution of the cosmological baryonic mass density in neutral gas Ω g (Storrie-Lombardi and Wolfe 2000; Rao & Turnshek 2000; Péroux et al. 2003, hereafter PMSI03) . Because the DLA systems dominate the mass density of neutral gas from z = 0 to at least z = 3.5, a census of these absorption systems directly determines Ω g . These measurements express global evolution in the gas which feeds star formation (Pei & Fall 1995; Mathlin et al. 2001) and are an important constraint for models of hierarchical galaxy formation (e.g. Somerville, Primack, & Faber 2001; Nagamine, Springel, & Hernquist 2004b) .
The most recent compilation of damped Lyα systems surveyed in a 'blind', statistical manner combines the effects of observing programs using over 10 telescopes, 10 unique instruments, and the data reduction and analysis of ≈ 10 different observers (PMSI03). In short, the results are derived from a heterogeneous sample of quasar spectra derived from heterogeneous quasar surveys. While considerable care has been paid to collate these studies into an unbiased analysis, it is difficult to assess the completeness and potential selection biases of the current sample. These issues are particularly important when one aims to address the impact of effects like dust obscuration (Ostriker & Heisler 1984; Fall & Pei 1993; Ellison et al. 2001) .
In this paper we present the first results in a large survey for damped Lyα systems drawn from a homogeneous dataset of high z quasars with well-defined selection criteria. Specifically, we survey the quasar spectra from Data Release 1 of the Sloan Digital Sky Survey (SDSS-DR1) restricting our search to SDSS-DR1 quasars with Petrosian magnitude r ′ < 19.5 mag. The DR1 sample alone (the first of five date releases from SDSS) offers a survey comparable to -although not strictly independent from -the efforts of 20 years of work. We introduce algorithms to automatically identify DLA candidates in the fluxed (i.e. nonnormalized) quasar spectra and perform Voigt profile analyses to confirm and analyze the DLA sample. This survey was motivated by a search for 'metal-strong' DLA systems like the z=2.626 damped Lyα system toward FJ0812 + 32 (Prochaska, Howk, & Wolfe 2003) . A discussion of the 'metal-strong' survey will be presented in a future paper (Herbert-Fort et al. 2004, in preparation) . This paper is organized as follows. In § 2, we present the quasar sample and discuss the automatic DLA candidate detection. In § 3, we present the Voigt profile fits to the full sample. We present a statistical analysis in § 4 and a summary and concluding remarks are given in § 5.
QUASAR SAMPLE AND DLA CANDIDATES
The quasar sample was drawn from Data Release 1 of the Sloan Digital Sky Survey to a limiting Pertosian mag-1 nitude of r ′ = 19.5 mag. This criterion was chosen primarily to facilitate follow-up observations with 10m-class telescopes, although it does include > 90% of all SDSS-DR1 quasars at z > 2. With rare exception, the fiber-fed SDSS spectrograph provides FWHM ≈ 150 km s −1 spectra of each quasar for the wavelength range λ ≈ 3800 − 9200Å. All of the spectra were reduced using the SDSS spectrophotometric pipeline (Burles & Schlegel 2004) and were retrieved from the SDSS data archive 1 (Abazajian et al. 2003) .
The first step of a damped Lyα survey is to establish the redshift pathlength available to the discovery of DLA systems. The minimum starting wavelength of 3800Å corresponds to z = 2.12 for the Lyα transition and this sets the lowest redshift accessible to this survey. For each quasar, however, we define a unique starting redshift z start by identifying the first pixel where the median SNR over 20 pixels exceeds 4. This criterion was chosen to (1) minimize the likelihood of identifying noise features as DLA systems; (2) achieve a high completeness limit; (3) account for the presence of Lyman limit absorption. Consistent with previous studies, the ending redshift z end corresponds to 3000 km s −1 blueward of Lyα emission. This criterion limits the probability of identifying DLA systems associated with the quasar which may bias the analysis.
Special consideration is given to quasar spectra which show significant absorption lines at the quasar emission redshift (e.g. C IV, O VI). In previous studies, Broad Absorption Line (BAL) quasars have been removed from the analysis primarily to prevent confusion with intrinsic O VI and/or N V absorption. We take a less conservative approach here. We visually inspected the 1252 quasars with z em > 2.1 and r ′ < 19.5 to identify quasars associated absorption. In these cases, we limit the DLA search to 100Å redward of O VI emission and 100Å blueward of Lyα emission. However, if BAL contamination is determined to be too severe the quasar is rejected from further analysis.
The majority of previous DLA surveys relied on low resolution 'discovery' spectra to first identify DLA candidates. Follow-up observations were than made of these candidates to confirm DLA systems and measure their N (HI) values. A tremendous advantage of the SDSS spectra is that they have sufficient resolution to both readily identify DLA candidates and measure their N (HI) values. DLA candidates were identified using an algorithm tuned to the characteristics of the damped Lyα profile, in particular its wide, saturated core. Our DLA-searching algorithm first determines a characteristic signal-to-noise ratio (SNR) for each quasar spectrum. If Lyα emission (corresponding to z em ) lies within the first 200 pixels of the wavelength array, the SNR is calculated to be the median flux/sigma over 150 pixels, starting 200 pixels redward of Lyα. Otherwise, the SNR is calculated starting 200 pixels blueward of Lyα. We then defined a quantity n 1 =SNR/2.5 restricted to the interval [1, 2] . At each pixel in the spectrum, we then measured the fraction of pixels with SNR < n 1 in a window 6(1 + z abs ) pixels wide. Importantly (for fiber data), the algorithm is relatively insensitive to the effects of poor sky-subtraction. Furthermore, we stress that continuum fitting is unnecessary; the algorithm works directly on the fluxed data because it focuses primarily on the core of the damped Lyα profile.
This algorithm was developed through tests on both simulated spectra with resolution and SNR comparable to SDSS data and also on a sub-set of SDSS spectra with known DLA systems. Our tests indicate that DLA candidates correspond to windows where the fraction of pixels with SNR < n 1 exceeds 60%. We recorded all regions satisfying this criterion and reduced them to individual candidates by grouping within 2000 km s −1 bins. In a sample of 1000 trails on simulated spectra with random N (HI) and redshift, we recover 100% of all DLA systems with log N (HI) > 20.4 and all but ≈ 5% of the DLA systems with N (HI) ≈ 2 × 10 20 cm −2 . The algorithm is conservative in that it triggers many false positive detections. With custom software, it is easy to visually identify and account for these cases. Table 1 lists the full sample of SDSS-DR1 quasars. The columns give the name, z em , z start , z end , a flag for BAL characteristics, and redshifts of DLA candidates including the false positive detections.
N (HI) ANALYSIS
The automated algorithm described in the previous section triggered 286 DLA candidates. We visually inspected the full set of candidates and identified ≈ 100 as obvious false positive detections. For the remainder of the systems, we fit a local continuum and a Voigt profile with F W HM = 2 pixels to the data. The Voigt profile fits to the DLAs quoted in this paper are centered on the redshift determined by associated metal-line absorption. Because the metal lines are narrow, these redshifts are determined precisely. As emphasized by Prochaska et al. (2003a) , the N (HI) analysis is dominated by systematic error associated with continuum fitting and line blending of coincident Lyα clouds. The statistical error based on a χ 2 minimization routine would be unrealistically low and largely unmeaningful. Therefore, we perform a visual fit to the data and report a conservative systematic error which we believe encompasses an interval in N (HI) corresponding to a 95% c.l. For a majority of the profiles, this corresponds to ±0.15 dex, independent of N (HI) value.
The Lyα fits for all Lyα profiles satisfying N (HI) ≥ Table 2 . All plots have angstroms along the x-axis and flux (f λ × 10 17 cgs) along the y-axis. 2 × 10 20 cm −2 criterion are plotted in Figure 2 . Overplotted in each figure are the best fit and our assessment of the error corresponding to a 95% c.l. interval. Table 2 summarizes the absorption redshift, N (HI) value, and systematic error and gives a brief comment for each profile (e.g. difficult continuum, severe line-blending, poor SNR).
For ≈ 10 of the DLA systems in the SDSSrDR1 sample, we have acquired higher resolution spectroscopy (F W HM ≈ 30 km s −1 ) of the Lyα profile with the Echellette Spectrometer and Imager (Sheinis et al. 2002) on the Keck II telescope. The ESI spectra suffer less from line blending and also allow for a more accurate determination of the quasar continuum. Furthermore, several of these systems were observed in previous studies. We find that our N (HI) values agree with all previous measurements to within 0.15 dex with no systematic offset. Therefore, we are confident in the N (HI) values reported here. 
ANALYSIS

g(z) and n(z)
A simple yet meaningful description of the statistical significance of any quasar absorption line survey is given by the redshift path density g(z) (e.g. Lanzetta et al. 1991) . This quantity corresponds to the number of quasars searched at a given redshift for the presence of a particular absorption feature, e.g., a damped Lyα system. We have constructed g(z) for the SDSS-DR1 sample by implementing the starting and ending redshifts listed in Table 1. Figure 3 presents g(z) for (i) the SDSS-DR1 sample (red dotted lines); (ii) the PMSI03 compilation (dashed blue lines); and (iii) the combined surveys taking into account overlap between the two samples (black solid line). It is evident from Figure 3 that the SDSS-DR1 sample has greatest statistical impact at z = 2 − 3.2. With only ≈ 7% of the projected SDSS database, the SDSS-DR1 exceeds the redshift path density of the previous two decades of research at z = 2.5. Although the SDSS-DR1 systems have only a modest contribution at z > 3, the projected 10× increase in g(z) for the full SDSS sample promises a major impact for DLA studies to at least z = 4. 
Granted a determination of g(z)
, it is trivial to calculate the number density of DLA systems per unit redshift n(z) ≡ N DLA (z)/g(z). Integrating n(z) over several redshift bins, we derive the results presented in Figure 4 .1 for the SDSS-DR1 sample (red) and the combined surveys (black). Overplotted on the figure is the powerlaw fit to n(z) from Storrie-Lombardi and Wolfe (2000) : n(z) = 0.055(1 + z)
1.11 . The SDSS-DR1 sample is in good agreement with previous analysis; this bolsters the assertion that our analysis has > 95% completeness. The combined data sample has uncertainties in n(z) of 10 − 15% for ∆z = 0.5 intervals. With future SDSS data releases, we will measure n(z) in ∆z = 0.25 intervals to better than 5% uncertainty. This measurement provides an important constraint on the H I cross-section of high redshift galaxies (e.g. Nagamine, Springel, & Hernquist 2004a) and thereby models of galaxy formation with CDM cosmology (e.g. Kauffmann 1996; Ma et al. 1997) . Table 3 lists the n(z) values for the total sample for the redshift bins shown in Figure 4 .1.
Ω g
We now turn our attention to the cosmological baryonic mass density in neutral gas Ω g as determined by DLA surveys. As first described by Wolfe (1986) , one can calculate Ω g for a given redshift interval by summing the N (HI) values of all DLA systems within that interval and comparing against the total cosmological distance ∆X surveyed
where µ is the mean molecular mass of the gas (taken to be 1/3), H 0 is Hubble's constant, and ρ c is the critical mass density. We have calculated ∆X and Ω g for the SDSS-DR1 sample and the PMSI03 compilation for a Ω m = 0.3, Ω Λ = 0.7, H 0 = 70 km s −1 Mpc −1 cosmology consistent with the current 'concordance' cosmology (e.g. Spergel et al. 2003) .
Implicit to Equation 1 is the presumption that the DLA systems dominate Ω g at all redshift. A principal result of PMSI03 was that at z > 3.5 there are fewer DLA systems with N (HI) > 10 21 cm −2 and, therefore, that absorption systems with N (HI) 10 20 cm −2 (the so-called sub-DLA) could contribute 50% of Ω g . This point is partially described by Figure 4 .1 which presents the cumulative cosmological number density of DLA systems as a function of H I column density. The red curves correspond to the compilation analyzed by PMSI03; as emphasized by these authors there is a significant drop in the fraction of DLA systems with large N (HI) at z > 3.5 in their compilation. The authors then argued that the sub-DLA make an important contribution to Ω g at high redshift. The black lines in Figure 4 .1 correspond to the combined sample. There is only a modest difference between the PMSI03 and combined samples for the z = [2.4, 3.5) interval, but at z > 3.5 (dotted lines) the SDSS-DR1 results have greatly changed the picture 2 . Although the SDSS-DR1 systems contribute only 8 new DLA systems at z > 3.5, half of these have N (HI) > 10 21 cm −2 . The resulting cumulative number density at z > 3.5 is now in rough agreement with the lower redshift interval. In short, there is no longer compelling evidence that Lyman limit systems with N (HI) < 2 × 10 20 cm −2 contribute significantly to Ω g at any redshift.
Restricting our analysis of Ω g to the DLA systems, we -Cosmological baryonic mass density in neutral gas Ωg as derived from the damped Lyα systems for the SDSS-DR1 sample (red points) and the combined sample (black points). The 1σ vertical error bars were derived from a modified bootstrap analysis described in the text. Contrary to previous studies, Ωg is rising or unchanged to z = 4 and there is only a statistically insignificant decline at z > 4.
derive Ω g for the SDSS-DR1 sample and the combined datasets ( Figure 5 , Table 3 ). The points plotted in Figure 5 are centered at the N (HI)-weighted redshift in each interval and the horizontal errors correspond to the redshift bins analyzed. It is difficult to estimate the error in Ω g because the uncertainty is dominated by sample size, especially the column density frequency distribution f (N ) at N (HI) > 10 21 cm −2 . In the current analysis, we estimate 1σ uncertainties through a modified bootstrap error analysis. Specifically, we examine the distribution of Ω g values for 1000 trials where we randomly select m ± p DLA systems for each redshift interval containing m DLA systems and where p is a normally distributed random integer with standard deviation √ m. The bootstrap technique provides a meaningful assessment of the uncertainty related to sample size provided the observed dataset samples a significant fraction of the intrinsic distribution. At present, we are not confident that this is the case at any redshift interval, but particularly at z > 3. The results for the z > 4 redshift interval are an extreme example of this concern. The addition of one or two new DLA with N (HI) > 10 21 cm −2 would significantly increase Ω g and its 1σ uncertainty. Therefore, we caution the reader that the 1σ errors reported in Table 3 likely underestimate the true uncertainty.
Contrary to previous works, the SDSS-DR1 sample shows no evidence for a decline in Ω g at high redshift; the results are even suggestive of an increasing baryonic mass density at z > 3. We caution, however, that the uncertainties are large. Combining the SDSS-DR1 sample with the previous studies 3 , we reach a similar conclusion except at z > 4 where the current results indicate a drop in Ω g . As noted above, the results in the highest redshift interval are very uncertain owing to small sample size. At present, we consider it an open question as to whether Ω g declines at high redshift. In fact, it remains a real possibility that Ω g will continue to increase to z = 5.
One means of assessing the robustness of the Ω g values to sample size is to examine the cumulative total N (HI) in the various redshift intervals. This quantity is presented in Figure 6 as a function of N (HI) for the combined DLA sample. On the positive side, the total N (HI) for the z < 4 samples all approach 10 22.5 cm −2 which is ≈ 10× larger than the highest N (HI) values observed to date. Therefore, the results in these intervals are reasonably robust to the inclusion of an 'outlier' with N (HI) ≈ 10 22 cm −2 . On the other hand, the curves in Figure 6 demonstrate that DLA systems with N (HI) > 10 21 cm −2 do contribute ≈ 50% of the total N (HI) in each interval. This point stresses the sensitivity of Ω g to sample size; there are relatively few DLA systems with N (HI) > 10 21 cm −2 in each interval. Until one has identified > 25 DLA systems with N (HI) > 10 21 cm −2 in each interval, we fear the Ω g values will be subject to sample size.
SUMMARY AND CONCLUDING REMARKS
In this paper, we have introduced an automated approach for identifying DLA systems in the SDSS quasar database. We have applied our method to the Data Relase 1 quasar sample and have identified a statistical sample of 71 DLA systems including > 50 previously unpublished cases. Remarkably, the SDSS Data Release 1 exceeds the statistical significance of the previous two decades of DLA research at z ≈ 2.5. More importantly, this sample was drawn from a well defined, homogeneous dataset of quasar spectroscopy. We present measurements of the number per unit redshift n(z) of the DLA population and the contribution of these systems to the cosmological baryonic mass density in neutral gas Ω g . Although the SDSS-DR1 sample does not offer a definitive assessment of either of these quantities, future SDSS data releases will provide a major advancement over all previous work.
Our measurements of n(z) are consistent with previous results suggesting a high completeness level for our DLA survey of the SDSS-DR1. Contrary to these studies, however, we find Ω g increases with redshift to at least z = 3 and is consistent with increasing to z = 4 and beyond. This latter claim, however, is subject to significant uncertainty relating to sample size. Perhaps the most important result of our analysis is that the full DLA sample no longer shows significantly fewer DLA systems with large N (HI) at z > 3.5. This contradicts the principal result of PMSI03 from their analysis of the pre-SDSS DLA compilation. Apparently, their maximum likelihood approach failed to adequately assess uncertainty related to sample size. With the inclusion of only 8 new DLA, we no longer find evidence that Lyman limit systems with N (HI) < 2 × 10 20 cm −2
are required in an analysis of Ω g . Before concluding, we offer several additional criticisms of the PMSI03 analysis and the role of sub-DLA systems. First, these authors assumed a three parameter Γ-function for the column density frequency distribution of absorption systems with N (HI) > 10 17 cm −2 , f (N ) = (f * /N * )(N/N * ) −β e −N/N * . Although this function gives a reasonable fit to the column density frequency distribution of the DLA systems, it is not physically motivated 4 and (more importantly) places much greater emphasis on sub-DLA than other functions (e.g. a broken power-law). Future assessments must include other functional forms to examine this systematic uncertainty. Second, the authors did not fit for the normalization of the distribution function f * . The uncertainty in this parameter could easily contribute an additional > 50% to the error budget. Third, their treatment did not account for sample variance; the uncertainties these authors reported were severe underestimates. Finally (and perhaps most importantly), a recent analysis of a sub-DLA sample by Dessauges-Zavadsky et al. (2003) has shown that these absorption systems have very high ionization fraction. Although these absorption systems may ultimately make an important contribution to the total H I mass density of the universe, they are intrinsically different from the DLA systems. Indeed, a more appropriate title for this sub-set of Lyman limit systems is the 'super-LLS'. This gas -in its present form -cannot contribute to star formation and is unlikely to be directly associated with galactic disks or the inner regions of protogalactic 'clumps'. Any interpretation of results related to the super-LLS must carefully consider these points.
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